Resting-state fMRI sheds light on neural substrates of cognitive decline in Parkinson disease
Connectivity is a distinctive feature of the brain, and the integrity of functional network dynamics is crucial for normal functioning. Resting-state functional MRI (RS-fMRI) is a measure of spontaneous low-frequency (,0.08-0.1 Hz) fluctuations in the blood oxygen level-dependent (BOLD) signal while the patient lies quietly in the scanner without doing any specific task.
1 Functional connectivity is defined by temporal correlations of the BOLD signal between spatially distinct brain regions. RS-fMRI can be obtained in about 8 minutes and added to the structural MRI most patients receive as part of a routine acquisition, although the data analysis is time-consuming and needs expertise.
Functional connectivity has been extensively studied in Parkinson disease (PD) by fMRI in the last few years, but most of these studies were cross-sectional and mainly focused on corticostriatal connectivity in relation to motor symptoms. 2, 3 There have been few studies on resting-state functional connectivity in relation with cognitive function in PD. 4, 5 In this issue of Neurology ® , Olde Dubbelink et al. 6 investigated longitudinally whole-brain (93 regions of interest covering the entire brain) resting-state connectivity changes in patients with PD and in healthy controls over a period of 3 years. They explored the potential relationships between cognitive decline, assessed with the Cambridge Cognitive Examination scale, and resting-state connectivity changes. At baseline, mean whole-brain functional connectivity was lower in 55 patients with PD (age 65.8 6 8.7 years; duration of illness 9.2 6 4.0 years) when compared to 15 controls (age 64.4 6 8.7 years). In the longitudinal study with 36 patients with PD and 12 controls, they found a progressive loss of resting-state functional connectivity over 3 years for multiple brain regions, most prominent in the parietal, temporal, and occipital cortices, associated with cognitive decline. The results suggest that a loss of restingstate functional connectivity, especially involving posterior brain areas, is a key pathophysiologic factor in PD-related cognitive decline. Interestingly, the correlation with cognitive decline was strongest for the reductions in functional connectivity of the occipital brain regions. Post hoc analyses suggested that both the ventral stream of cognitive information processing from the occipital region to the temporal region and the dorsal stream to the parietal regions appeared to be affected in patients with PD. In contrast to the strong correlation with cognitive decline, functional connectivity changes were only modestly associated with motor impairment progression.
Although the role of the occipital lobe in cognitive dysfunction was not specifically explored in this study, the reduction of functional connectivity in the occipital regions is in accord with previous PET studies that showed diminished glucose metabolism and cholinergic neurotransmission in the occipital lobe of patients with PD and PD-related dementia (PDD). 7, 8 Occipital hypometabolism was related to the visuospatial memory task in the [ 18 F]fluorodeoxyglucose PET study. 7 The present study has several limitations to be taken into account when interpreting the findings. First, the cognitive status of patients with PD was heterogeneous (i.e., 3 patients had dementia at baseline and another 6 patients developed dementia at follow-up); this suggests that, in future studies, a detailed classification of the baseline cognitive status that follows proposed diagnostic criteria for mild cognitive impairment and PDD should be employed. 9, 10 Second, future studies will also need to explore the relation between structural changes (i.e., gray matter and white matter atrophy) and functional connectivity impairment, which is increasingly a matter of debate in this field.
Although the translation of RS-fMRI to clinical practice is incomplete, this study provides novel clues on the neural substrate of progressive cognitive decline in PD. Therefore, it will be interesting and important to ascertain whether a specific functional connectivity pattern may represent an early marker of dementia in PD. In the present study, most patients with PD were in a relatively advanced stage of disease. Tessitore et al. 4 demonstrated decreased medial temporal and inferior parietal connectivity within the default mode network in association with cognitive performance in early-stage cognitively unimpaired patients with PD, suggesting functional disconnection of posterior brain regions can precede clinically measurable cognitive impairment in PD. Although there are considerable methodologic differences between these 2 studies, further pursuit of network-based strategies might lead to the development of sensitive and specific biomarkers of dementia in PD for prognostic and disease-monitoring purposes.
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